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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical fiber, 
suppressing the oscillation of one transition wavelength 
band and performing oscillation and amplification in the 
other transition wavelength band, when a plurality of 
oscillatable transition wavelength bands are present, and 
to provide a light amplification and oscillation device, a 
laser beam generator, a laser display device and a color 
laser display device using it. 

SOLUTION: The optical fiber is provided with a core 10, 
containing a first metal ion and a clad 1 1 formed at the 
outer peripheral part of the core, containing a second 
metal ion for which an absorption coefficient in the 
transition wavelength, band of the first transition of the 
first metal ion is larger than the absorption coefficient in 
the transition wavelength band of the second transition 
of the first metal ion preferably by five times or larger; 
and Amplification of light due to the first transition is 
suppressed and at least the amplification or oscillation 
of the light due to the second transition is performed, 

and the optical fiber is incorporated and the light amplification and oscillation device, the laser 
beam generator and the laser display device, etc., are constituted. 
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4=<ON dS+^i^^^'-^B^il^t 1 ** 4 F3/2 — 4 

1 1 0 5 0 n m^tcistt^SiiR^^: 
4F3/2 -* 4 I 9/2 jS^l-jgHI"* 9 2 0 nm^K 

45lt*®lR«&4 *) tTclv^I'f *>*»rj£»flETVgr 

(4, 1 0 5 0 nm^tc4att*®l|mS5C/0 s 9 2 0 nmSC 
U»t*»lR«»i »> t» #4L<»i5ffiHSl±**<, £ 
•bKjtff L < (4 1 OffifeK** v» 0 _hE©fc*'f *> t 
LTI4, ^!lx.l4*#±«-f *>*JBv»*£ fci^tTC, ^ 
#69^14, Pr3**llt%W±4 01f%JilT (AM 

wiciii 5fi%) o«ac-c** ^S^» 

[0 0 3 6] 112 (a) KjjvfJ: -? K> j|l*?yKl 
P L2*AI*$ft<£> i. 77 7Xt<ON d s+OgjjglKSi (4 

F3/2 ) W&MZtl. Z.<DVimfrb. 4 F 3 /2 — 

4 I n/2il^ ( 1 0 5 0 n m^) t <F3/2 — 4 I 9/2 

(9 2 0 nmf) ICffi 
Si-*3t**f6^i-*o iOi 09x.lf 4 F 3 /2 — 4 I 
9/2 il^t-+B^-f* 9 2 0 nm«7)vSgO^±iitil3feT-*^ 
ft l^-t'7cSL*37 1 04-IC. Jiie<Oibe7t;P L i: 
|W]P#tcA#i-r£i tt% 9 2 0 n m cO-ff^- W - ^fjt S L 
*7f7T^^<l tp-CifipgU ^5*S^0 9 2 0 nm^OU 
-«S:#4Ci:i { -C-iS 0 -/3"C\ ?t:7r -Y/N-^trte 
JSi"-i>7tl4n7 1 0 filtT-fc < 0 1 ? 7 7 K 1 1 t 
LT45 •?> :©g 1 ? 7 7 F 1 1 4^-14. P r 3 + f 
7cl4Sm2+^t% 1 0 5 0 nm^ lCJ3l7-&iMt£i£b&*9 

2 0 nm^(C^lt-&®ilX#Sfe4 0 t^ct v^JR-f ^- >d* 

•J, 1 0 5 0 nm#07fel45pj#4 »> <> < 
*S 4 -9 t-K5e-C#. 1 0 5 0 nmS«U-f*O^i 

^'«l{IJ?^*o Wlx.»f, ±?E^ 1 7 7 7 K 1 1 >t>0#« 
<1*><D 1 0 5 0 nm^^43»t-6®l|X#»* s 9 2 0 nm 

0 5 0 nmw^l^-- , f7feO^JS4-?P$U-r^i 

[0037] 1050n mffO*#* 1 ^ 7 7 K 1 1 * 
^^i" t"C, ±ISO»l ?7 v VI 

1 ^tcistt^ 1 0 5 0 nmw<7)7lc:^M?r«i: < "f 

t3& ^ T*§^ ifLiaO 1 0 5 0 nmfOl/-f*0 
^IS^r J: «JMHWIi-&i-fc3&*TS-6o ±12^1 0 5 0 nm 

i ^ 7 7 k 1 1 ^c^-r^fti^^^^^^ 

14, =?TCD^S> *ft> J:^ 1 »f KOI 

Jlf^-ei*^$^i^jf7 r^^v 77^ *fcB>r5EOf£H 
rtCtxgtnilJ: <x ifLH4 »9 1 0 5 0 nmWWWO 
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fen&o v^ffiSr^O. 5- 

2. 5<nm.Wt-ttUf£ < . # Kv = 1 . 2 i:** 
;tT, 9 2 0 nmflf©3fcKJtLT 1 0 5 0 nmf©* 

[0 0 3 8] ±E<OBftje3fePL«D**HU 3«Nd^ 
<OU--if'7 7"f>'"f<D®jgl~li8 1 0 nm^cc»^ ? fflv^ 

P r^jFiOfMtfcfMX**"*"**:** * 1 * 
■7 7 K* J P r 3 + ^-g-*i-^ti-^trii. tfilxlf 8 4 5 ± 1 
0 n m*><&VMi 7 7 5 ± 1 0 n m<7)Y&ftwC>Ilig3t;P L 
Srfflv^o Sm24^ffiv-"-&J^-g-lcli, 8 1 OnmS^I 

[0 0 3 9] ±|EO*3«^Sm^*V-^fc#§£5£tt 
U\ US 1 O&S^ ( 1 0 5 0 n mf) <03&ffi.tfWMZ 
*U »2*>ttftff (9 2 0 nm^) ft, ft 

S3tJg0 9 2 0 nm^OU-^S&MfcfS-C, W^M^^ 
£>fHt£twgE& L, 4 60nmlOffeV-f* 

[0 0 4 0] (IttfcflO ±f£fifJ&0» 
Kl 1 HP r3+*-g-*S-*fc*7T'f^»rov»r, 1 0 
5 0 nmSOV-fjtt 9 2 0 n m^<0 U -^f jfcOfUW 

jtfcis»ta=»Ti:i|Sl *9-;> KSB^-OS^ra 7 r 
Jv77^ (v) t. A, N A (HP&) iS-fcU-'k 

(i, -en^nTie^: (1) - (4) k-os$*.*o ip 

*>. v^t?* (v) «i, 37*Sa> &ft/U 

(ni , ii2 ) -C-ilWfcftJ£*ft.*o 
N d3*Ojgj£ti. 0. 0 1-0. (1X10» 
/m3) it, *1^5 7K>fOPrMil5li%t 
■tic 

[0 0 4 1 ] 

[81] 

v=kn,a/2T (1) 
KIA=Vni 2 -n 2 2 (3) 



[ 0 0 4 2] 3fcrt*SS 1 * 7 v Krt 

Ut, vai/-ya>i:J:t)**?)Ji4o EM*?) 
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BI4 f^BMiftbii, 1 0 5 0 nmSO»*O7*tSfi 

^9 2 0 n mS^S^O 7 S:5lv^fc 7 (A 7) 

-To vOftffiO. 5-2. 5 0flHT% A 7 liIE<0{i 

v = 1 . 2gRT** (A 7 = 0. 12) 
&o G£oT. 9 2 0 nmWOjteld^ 37* 3 4 %> * 1 
^77 Kt6 6%fi}lt4ili:, lOSOnmfOjt 
Iin7^26%, *1*?*-K*74% (=66%x 
(1+0. 1 2) ) gftt^tv^^ii&o 
10 [0 0 4 3] B2 (c) it. ±EO*S**<b*«ft«<0 

*&aii9 2 0 nm«W<E«t^SJ^flit*0, 
Mb 11 1 0 5 0 nm?Bf<?!)*#e»i-*«-&^*'^* 
*o 1212 (c) £>*M»«U H2 (b) fcHCHWC. 76 
*7 r>f ^OBrffiUlt&ttSfr^LTis *K 3T10i:g 
1^77 Kl 1 ^IFtCfflit^Sf^Sr^jS-C/TLT* 

iiSbWtlMLtfLtv^o @2 (c) 

(±. ±E©a#tB*j:, mi??? K+*e»^** 

20 o#J^li. 1 0 5 0 nm^O^fc (SMftb) O***. 9 2 
OnmflrO* (Hfil a ) «£ J)#V^ t i'f LTV^ C 
[0 0 4 4] #tl. ±EiJai:fev^T, 1 0 5 0 n 
O3feOf0»i:a^^>M 9 2 0 nm 

~fZ>o m\ Or&ft^ ( 1 0 5 0 nm^) i3i:^2« 
(9 2 0 nnrlff) <D*tl?tl<Dft<Dnmtm&:<Dm 
hcomn) lcov*-Cli, -e-ix-PirTE* (5) is 
.fctf (6) *>*#*»*:-*\ BP*>. ^ (5) **0J»Tfc 
4^:tt% * 1 ^igcS^ ( 1 0 5 0 n mm) <0§t1&& 
30 JfpffiflSJu (6) rt*IE£ - £"C\ 

(9 2 0 nm) r<OfU»**»5>*U U 1~ 

[0 0 4 5] 
[»2] 

n LPm CI- 77,) " «1 L Pin *?1 ^ 0 (5) 
r 2 L P ln (1 - Tfc) - cr 2 L P^Tfc > 0 (6) 

[0 0 4 6] ±E5£ (5) (6) KJ3V*T, «1 

40 ^#^^T% -ttL-PtL 1 0 5 0 n t 9 2 0 n m^O# 
r^ft Hi3 tt ^ T ffON d 3 + ?)|£2gffimffcSLBIr®» t it 

JgO«-C*^n. Lltt77>fAOg?t*)^ Pint! 
0 5 0 nmw^ 9 2 0 n mfO*«« \Zt$ tt ^> ^ 1 * 9 
Will 0 5 0 nm^t 9 2 0 n mWO**ft^i5»t* 

so [004 7JH5I1. tt3 0lt%<OP r3+Sr-g-#i-^> 
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mm^&^hho Z<omfrb, 1 5ti%OP r3+?r 
tti-ZtfyAlZte^X. 1 0 5 0 nmft:i3tt^M 
ftftai lil 5/m, 9 2 0 n m^K&l} a 

2 (i 1 . 5/mtIit <b*L£ 0 

[0 0 4 8] 1 0 5 0 n mWKiSlt&^JWflMBfcy l 

mm&ftt&zimmm (4x1 o-24 m 2 ) x«s a x 

1 0 25/ m 3 ) =4 0/mi&&o i fc* 9 2 0 nm^ 

£*i?««iw«ft7 2 «i> »*ttffiifta»rffi» (o. 5 

3 X 1 0 -24 m 2 ) X ?ftJS ( 1 X 1 0 25/ m 3 ) = 5 . 10 

<Dlt»^^> 1 0 5 0 nmffi:ittA*1^7 7KrtS: 
f5»-f*W-&7i iiO. 7 4t*»), 9 2 0 nmSi:i5 

& O 

[0 0 4 9] ±ie<£>&li£:s$: (5) vzftx-t*>t. 

[4 0 (/m) X (1-0. 74) -15 (/m) X 
0. 7 4) L Pin=- 0. 7 L P in< 0 

tit*), mi &<omn mm 2 aoa^o*^ # < * 20 

ot, $1 OrSft^ ( 1 0 5 0 n m*) 05£«**WW 3 
ft£ 0 

[ 0 0 5 0 ] -tfE«D#'fil?:5$; ( 6 ) l^tAi" & i , 
(5. 3 (/m) X (1-0. 66) -1. 5 (/m) 
X0. 6 6) LPin=0. 812LPin>0 
t * *) , US 1 JfiOfllf*©**** 2 SiOffl* <t 0 * § < & 
ot, »2 0ifeftW (9 2 0 nmS) <Bffl»**»fcft, 

[0 0 5 1 ] JifBO 9 2 0 n mS«U-ffI • 

• igtlri*?? t>tl2>tzib<Dmt&yt<Z>t$1i I thtf, TIB 

A (7) T^£ft£) a 

[0 0 5 2] 
[&3] 



[0 0 5 3] hJi7?>?5e&, v p (i®®^;C0ffi»j 

**Mirc*>*o #fi££l£ (7) KftA-t* i, I th= 2 
3 3kW/cm2 t4D, ±K5t7 r <i ^<3#Sb»riE» 40 
Aeff = 5 X 1 0-12 m 2 (C^1--5>K'(lPth»i> 12m 
Wt^i], *HJfc»3K©3t7T'f-'^Uiae3t4: LT 1 2 
mWJiU:<D7t£igA't-&C: it, 9 2 0 nmSOU-f 

[0 0 5 4] ^fliSW*, SSI ^7 •> Ki:P r34^r-g-^ 
Sit: <0 ft? t -f^KiJU-C, S£ 1 co&fi* (10 
5 0 n mS) ©5&jgd f WIW 3 ft, » 2 OSSw (920 
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ifc 1 ** % ) fr S * O # 7 T * ' < tC« L T 

t, ±IBi|e]«Oftlt£fH i if , SI 1 co&ft^ (1 
0 5 0 nm^) ©3S«*«8HW S ft, 0 2 O&ft^ (9 2 
0nm«) ©JfllftsFfffeft, U— «f*« • *«jWl*>ii. 

£^*^ii£fti§:i-<J>-i:7) i -t:-#.&o HJ6I±, 15301 

gttii&ftP. «*UiHfefttr*4.. iOH* 
e>, ffOx.»f*tJ 1 SS%cOSm2+S-^-r*«"9^<0 1 0 
5 0 nmffCU»T4»JR*»«l ^^0^9 2 0 nm^C 

K tf £ i tf* BTtir* & Z> o 
[0 0 5 5] « 2 jEflagffi 
[g]7(i, SSlHtt^ffitra*, «iLlf*Sm*©9 2 0 n 

tcait 4 6 0 nmf<!)tfei/-fl:3l4?« I' 
— »fit»^*1lO«t*«jaia"C*>*o 9 2 0 nmS«* 
^■V— <f*OW***J*-f 8?*i, *7r^A7^t;f> 
-v*4itLt7 0f, ttlfcfi (Bffi_h4«) <0%V 
r -Y/<<0 -fft-Tft iZid^X^n LT 9 2 0 n m^©*^ 
U--9-*7fe*#-C, *-ft'b*-g-&L, ^MMBSC^KJ: »)* 
2*H«KJE*LT4 6 0 nmfOtfel/-f*H4? 

[0 0 5 6] «&1S (0®_h 4 -IB) Oft? r <Y (1 
a, lb, 1 c, Id) KttLT, tRIxJf, 
*f#W 20, M?7- (34a, 34b, 34c, 3 
4d) , -g-ifc 57- (35a, 35b, 35c, 35 
d) , (36a, 36b, 36c, 36 

d) , 3 7, MU>^38, m2Mm$L&± 

m^mm : f-3 9, *%i/>X4 1 

[0 0 5 7] ±IB<D**77^^ (1 a, lb, lc, 
Id) telti>S7c:'C$)* 9 2 0± 1 0 nmCOrSScOil 
^\"-*fitS L t > 8 10nmi, 8 4 5 ±10nm* 
SVMi 7 7 5 ± 1 0 n m<Dm^<om^yt? L^AS-f? 

ti. mmmi&mtmmz. mi<om.^ a 0 5 on 

m«) co^ffij4 s JIp«IJ * ft, IS 2 cOMft^ (9 2 0 nm 
*) C05piJ#^#«bft, 9 2 0 n mwCO ^--tf^H - ig*S 
tf?Tt>tl& 0 Whfltz9 2 0 nmlOMW-f I L =Sr 
^Sff 3 7T-g-rSL, *5*aEO*^U-1f3tI Lit 
X&m&X=f- 3 1 l-AML, « 2 ^PrS ( 4 6 0 n m 

[0058] ±&<D*nmi&&jz&zu— r*M£mm 
it. m 1 nmMmtmmz. m 1 <ot&^ < 1 0 5 0 n 

mw) W^li^PPftlJ ^ ft, ^2<0&ft^ (9 2 0 nm 

vmmmhti. KMcO9 2 0 nmS<Ol/-flS 
tS£t#T, ^HHKJR^UJ: »J * 2 *W*^SE» L, 4 6 
0 nmffOtfel'-f*t»tS«-i4 f, P**, 
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[0059] m 3 gfaMM 

[0060] *n»®ii:* 7- v-4?t<< 

«(4, ®.t Lt, WfeU-^fS^SB L SOftfe 

IRLS^ttJo ££>K, if)V><J \ y-isXZTG L 

i^mWMD, Sf^l'VXLNiSJ:!/;*? 'J- > S 

[0 0 6 1 ] ±|B^7fe?Jg^^aiW$^/c*feU---9-*B 
L, UfeU-fGL, gfel/-fRLIi, ^FemPffM 
Diet ^H^PStu S«V>XLNt:iM^'i- 

[0 0 6 2] C^T*, WfeW-^*7tl&^SB L Sli. 

^ i n^s* «t if » 2 mmm \z% £ v - -<f 

«i:|W|«C0lf^;Srfflv^rv^ o BP*,, 9 2 0 nmiO# 
^l/-ff4giILSt, 9 2 0 nmS<OMl'-f 20 
IL*^21^PiS (4 6 0 nmS) KSEjfci-&-fMftJ&5lE 
?SHG*liti3t), 9 2 0 nmi©#i1-V-tlti 

« i l s 14, ac. i mmmma <t tr* 2 mmwmiz&z u 

-£,0 #^V-fl&±llf I LS*>t,©9 2 0 nm^O* 
*t-V--!f I LtJHMfSHFSHGKJ: iJ8 2fcPig[ (4 
6 0nmS) KjElfcL, tfeU-f BLi"M$*TV> 

& o 

[0 0 6 3] ±EW*l?163BS80*9-l'— 9*7* -f^-/ 
W§S«li, *1 (1 0 5 0 nmflf) tOU*** 30 

2 O&ft^ (9 2 0 nmS) <DfUf»d f »'i 
fx, ift5^S^9 2 0 nmffiOV-f^I^ilt, Df-i&Jfc 
S^f-Ki ^2 itSP&t-S&L, 4 6 0 n mSfO'f'feU 

ft&O^S J: !) » W - -f 36* «t W - -f * i t 

ic * ? >j - > k a 1 2 l r w - -9-* f * * y V -i St S * 9 

[0 0 6 4] ±EOH»03g»C(R3e*<i4: 
v>„ *Jfe^t-iJV»TI4, #7^t©N d3 + o 40 

i^^4 r -ttS©S«-r , *4 4F3/2 — <IU/2M® 
( 1 0 5 0 n mflf ) t 4 F3/2 -* 4 I 9/2 iiS (920 
nm^) tCOV»T, P r3ii/:!iSra2+4fO*±i'' 

JR«»**ffttO 1 *9 fc 

^§v^Jl-f tT, looa^g 



16 

[0 0 6 5] 

^«fiK1-Sit* J -Ci>£,7fe7 7^/<lCi3V^T, m&OlS 

OSSJgfcJfpSIIU «iOlooa»«[ftflfT*«isJ:l/Ji 

SIS, U--»T3fc3&£*«, U— Ifr-r *y WSgfiisJ: 
l>'*7-U-f7'^yi"fM*«t^ii:A 1 tl 

[nMoffl-^^m^] 

[eh] an*, 9smtmmz%&i'— t rit9ktk&w. 

[El 2] El 2 (a) li»l|«63BJ8K«4l/— 

***fllj*i-**7T'fv<o*s:iaT*f). (b) i±a 
T i lit 1 ^ ? y KSa-oHSDrlHT* 0 , (c)(4l 

0 5 0 nraSt 9 2 0 n m^O#^S^W7feOf£^f "f Z> 

[H3] E13I4, **«C«4*7 7 -f AOl«f*rD 
77-f ;u-e$)£o 

[BI4] EJ4I4, m 1 * v * Kft 4 W^-Cab* 

7*3^:^1 0 5 0 nm^<D«-&C0 7 35^i!£g* s 9 2 0 n 

[15] El 5 14, P r 3+ £-£^-5, 77*5 * ^JR* ^ ;7 
[El 6] El 6 14, S m2+Sr-&-fi-t -5,7/9 ^OKitX^^^ 
[El 7] El 7 14, »2HttJBSK«*U--«f#«£** 

o^^-SEir-^^c 

[Ei 8] Ei 8 14, ms^mnm^hiiv-u-^'r^ 

[El 9] El 9 14, l/-fjti4tf©«S 

*fi£Ei-e*4o 

1 — itv r IO-37, 11-#1^9?K, 1 
2—*2*9fH, 2 0 * * l>-*fffi&, 2 1, 2 
2 -lieTt}®, 2 3, 2 4-&7fcl'VX, 2 5-OjE* 
: f-, 2 6-&S55-, 2 7, 2 8— »*U>X, 29 

5 9-, 3 0-*il/>X, 3 1-#iif 
^f-, 3 2— 3 3-ttft»IS7-, 3 4 
a, 3 4 b, 3 4 c, 3 4 d •••73'i£ 5 5 -, 3 5 a, 3 
5b, 35c, 3 5 (1-^5 7-, 36a, 36b, 
3 6c, 3 6d-*36V^X, 3 7""&S*^ 3 8- 
£7fcl">X, 3 9-*i»*?, 4 0-*7tU->X, 4 

l-mi-j-^T-, sL-itu-f*, pl -Hue*, I 
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